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(57) ABSTRACT 

A small-sized, efficient compressor has a compressed air 
tank, a first housing provided with a shaft bore, a rotating 
shaft, an orbiter, a second housing, a rotation restrainer and 
a circular vane. The orbiter is provided at a lower portion 
thereof with a cam shaft hole to engage with the cam shaft 
portion of the rotating shaft without friction, and is adapted 
to form a ring-shaped operating portion above the orbiter to 
form a circular space. The second housing is attached to the 
first housing and forms a second circular space offset from 
the circular space. The circular vane is formed in the second 
housing to form a ring-shaped compression chamber within 
the operating portion of the orbiter. Air is compressed and 
discharged through a discharge hole of the circular vane to 
generate a large amount of highly compressed air. 

1 Claim, 6 Drawing Sheets 
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Fig.l 
(PRIOR ART) 
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54 



U.S. Patent Jan. 13, 2004 Sheet 5 of 6 US 6,676,392 Bl 

Fig.3C 



U.S. Patent Jan. 13, 2004 Sheet 6 of 6 



US 6,676,392 Bl 



Fig.3D 



US 6,6 

1 

SMALL-SIZED COMPRESSOR 

TECHNICAL FIELD 

The present invention relates, in general, to a small-sized 
compressor and, more particularly, to a small-sized 
compressor, in which a circular space surrounded by a ring 
gear at its circumference and a ring-shaped operating portion 
are formed at one side of an orbiter that receives the rotating 
force of a rotating shaft inserted into a first housing, another 
circular space surrounded by another ring gear and a circular 
vane are formed in a second housing attached to a first 
housing, so that air supplied through an air supply hole of the 
second housing is compressed and is discharged through a 
discharge hole of the circular vane, thereby generating a 
large amount of highly compressed air in a relatively small 
space and being operated effectively. 

BACKGROUND ART 

In general, a compressor is an apparatus in which one or 
more vanes elastically sustained by springs to be recipro- 
cated are mounted to a rotor eccentrically and rotably 
mounted in a cylinder, thereby compressing fluid, such as oil 
or air, and discharging the compressed fluid through an air 
outlet while the vanes pushed to the outside are in contact 
with an inner surface of the cylinder as the rotor is rotated. 

In the conventional small -sized compressor, a space 
between its cylinder and its rotor, which is rotated in the 
cylinder around an eccentric rotating shaft, is varied while 
the rotor gets close to and gets away from the cylinder. As 
the space is varied, its vanes become projected to the outside 
by the elastic force of a spring or become pushed to the 
inside by the inner wall of the cylinder. Accordingly, when 
the rotor is rotated fast, the vanes may be easily damaged in 
the process of being moved to the outside or inside. As a 
result, the conventional compressor is problematic in that 
the rotor cannot be rotated fast and the material and size of 
the vanes are limited because the vanes are easily damaged. 

In order to overcome the above-described disadvantages 
of the conventional compressor, Korean Pat. Appln. No. 
95-42007 was proposed, as shown in FIG. 1. 

In the vane pump of the above-described patent 
application, an inner rotor 3 having upper and lower radial 
air circulation holes 4 and 5 and air inlets 6 and 7 are 
integrally mounted around a shaft 1 having a spiral shaft 
hole 2 at its central portion and being rotated by a motor (not 
shown). 

Air is supplied to the air circulation holes 4 and 5 through 
a large shaft hole 12 of an outer rotor 11 that is positioned 
to be offset from the shaft 1 while projected vanes are 
disposed in a ring-shaped operating portion. 

An enclosed space defined by the outer surface of the 
inner rotor 3 and the inner surface of the outer rotor 11 is 
divided into a compression chamber and a supply chamber 
by the vane, and the air compressed in the compression 
chamber is discharged into the outside through the discharge 
hole of the outer rotor 11 by the variation of the volume of 
the compression chamber and the supply chamber. 

In a housing 21 in which an enclosed type compressed air 
storage chamber is formed beside the outer rotor 11, air is 
supplied through air supply passages 22 and 23 connected to 
the outside to the large shaft hole 12 of the outer rotor 11 
and, at the same time, the compressed air in the compressed 
air storage chamber is supplied to an outer compressed air 
tank. 
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An oil circulation groove 28 is formed in a portion that is 
in contact with the outer rotor 11 of the housing 21 at which 
oiling portions 26 and 27 are formed near oil supply holes 
8 and 9, and an oil circulation hole 15 is formed within the 
5 large shaft hole 12 of the outer rotor 11 in contact with the 
shaft 1. 

The oil circulation holes 28 and 15 are connected to the 
air circulation passage 16, thereby generating highly com- 
pressed air in an enclosed small space and being maintained 
10 to be mounted onto an air conditioner. 

However, in the conventional vane pump as described 
above, since compressed air is temporarily stored in the 
compressed air chamber beside the housing 21 and is 
discharged to the outside while the shafts of the inner rotor 
15 3 and the outer rotor 11 are different and the vane is inserted 
into the operating portion, the inner rotor 3, wherein the vane 
of the outer rotor 11 is inserted into the operation hole, 
comes into collision with the vane while being eccentrically 
rotated, and the vane comes into contact with both sides of 
20 the operation hole, thereby generating collision noise and 
abrasion during the compression of air. 

Additionally, the leakage of compressed air occurs 
because the operating portions of the outer rotor 11 and the 
inner rotor 3 do not come into contact with each other, the 
25 construction for rotating the outer rotor 11 and the inner 
rotor 3 is complicated and the size of the compressor is large 
due to the complication of the construction. 

DISCLOSURE OF THE INVENTION 
30 Accordingly, the present invention has been made keep- 
ing in mind the above problems occurring in the prior art, 
and an object of the present invention is to provide a 
small-sized compressor, in which a circular space sur- 
rounded by a ring gear at its circumference and a ring- 
35 shaped operating portion are formed at one side of an orbiter 
that receives the rotating force of a rotating shaft inserted 
into a first housing, another circular space surrounded by 
another ring gear and a circular vane are formed in a second 
housing attached to a first housing, so that air supplied 
40 through an air supply hole of the second housing is com- 
pressed and is discharged through a discharge hole of the 
circular vane, thereby generating a large amount of highly 
compressed air in a relatively small space and being oper- 
ated effectively. 

45 In order to accomplish the above object, the present 
invention provides a small-sized compressor, including a 
compressed air tank; a first housing provided with a shaft 
bore; a rotating shaft disposed inside the compressed air tank 
to be rotated by a motor, inserted into the shaft bore of the 

50 first housing, and provided at an upper end thereof with a 
cam shaft portion; an orbiter provided at a lower portion 
thereof with a cam shaft hole to engage with the cam shaft 
portion of the rotating shaft without friction, and adapted to 
form a ring-shaped operating portion above the orbiter to 

55 form a circular space surrounded by a ring gear, a second 
housing attached to the first housing in a general bolting 
manner, and adapted to form a circular space offset from the 
circular space and surrounded by a ring gear; a rotation 
restrainer provided with two sun gears, and disposed in the 

60 circular spaces so that the sun gears engage with the ring 
gears, respectively; and a circular vane integrated with the 
second housing through a connecting portion to form a 
ring-shaped operating portion of the orbiter; wherein the 
second housing is provided therethrough with and air supply 

65 hole, and the circular vane is provided therethrough with an 
air outlet to connect an interior of the compressed air tank 
and an open portion of the second housing. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and other advan- 
tages of the present invention will be more clearly under- 
stood from the following, detailed description taken in 5 
conjunction with the accompany drawings, in which: 

FIG. 1 is a vertical sectional view showing the construc- 
tion of a conventional vane pump; 

FIG. 2 is a vertical sectional view showing a vane pump 
in accordance with a first embodiment of the present inven- 10 
tion; and 

FIGS. 3 A to 3D are horizontal sectional views showing 
the operation of the vane pump in accordance with the first 
embodiment. 

15 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

A preferred embodiment of the present invention is 
described with reference to the accompanying drawings, 
hereinafter. 20 

FIGS. 2 and 3A to 3D are views showing a small-sized 
compressor in accordance with a first embodiment of the 
present invention. 

The small-sized compressor of the present invention 2 5 
includes a compressed air tank 31, and a first housing 35 
provided with a shaft bore 36. 

A rotating shaft 32 is disposed inside the compressed air 
tank 31 to be rotated by a motor (not shown) inserted into the 
shaft bore 36 of the first housing 35, and provided at an 30 
upper end thereof with a cam shaft portion 33. 

An orbiter 41 is provided at a lower portion thereof with 
a cam shaft portion 33 of the rotating shaft 32 without 
friction, and adapted to form a ring-shaped operating portion 
43 above the orbiter 41 to form a circular space 44 sur- 35 
rounded by a ring gear 45. 

A second housing 51 is attached to the first housing 35 in 
a general bolting manner, and adapted to form a circular 
space 52 offset from the circular space 44 surrounded by a 
ring gear 53. 40 

A rotation restrainer 61 is provided with two sun gears 62 
and 63, and disposed in the circular spaces 44 and 52 so that 
the sun gears 62 and 63 engage with the ring gears 45 and 
53 respectively. ^ 

A circular vane 56 is integrated with the second housing 
51 through a connecting portion 55 to form a ring-shaped 
compression chamber 54 together with the second housing 
51, and disposed within the ring-shaped operating portion 43 
of the orbiter 41. 50 

The second housing 51 is provided therethrough with an 
air supply hole 57, and the circular vane 56 is provided 
therethrough with an air outlet 58 to connect an interior of 
the compressed air tank 31 and an open portion of the second 
housing 51. 55 

An oil circulation groove 64 is formed around the cam 
shaft portion 33 of the rotating shaft 32 fitted into the cam 
shaft hole 42 of th orbiter 41 and an oil circulation groove 
65 is formed around the rotating shaft 32 fitted into the shaft 
bore 36 of the first housing 35, so that the oil is circulated 60 
through the oil circulation grooves 64 and 65 to allow the 
rotating shaft 32 to be smoothly rotated in the first housing 
36 and to move the orbiter 41. 

The small-sized compressor constructed as described 
above generates compressed air and supplies the compressed 65 
air to an outside air conditioner while its rotating shaft 32 is 
rotated in the compressed air tank 31 by the motor. 
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Oil that is moved upward through the shaft central hole 34 
formed in the central portion of the rotating shaft 32 is 
supplied to the circular spaces 44 and 52 to which the 
rotation restrainer 61 is mounted and lubricates the portions 
at which the orbiter 41 and the second housing 51 are in 
contact with each other. 

While the oil is circulated through the oil circulation 
groove 64, which is formed around the cam shaft portion 33 
of the rotating shaft 32 engaging with the cam shaft hole 42, 
and the oil circulation groove 65, which is formed around 
the rotating shaft 32 inserted into the shaft bore 36 of the first 
housing 35, the oil allows the rotating shaft 32 to be 
smoothly rotated and to move the orbiter 41 while being 
inserted into the first housing 36. 

The rotating shaft 32, which is rotated in the compressed 
air tank 31 by the motor while being inserted into the shaft 
bore 36 of the first housing 35, is rotated and moves the 
orbiter 41 that engage with the cam shaft portion 33 of the 
rotating shaft 32 in its cam shaft hole 42. 

The orbiter 41 performs a stable orbiting movement in 
such a way that the ring-shaped operating portion 43 of the 
orbiter 41 is not only disposed between the ring-shaped 
compression chamber 54 and the circular vane 56, but also 
the sun gears 62 and 63 of the rotation restrainer 61 engage 
with the ring gears 45 and 53 of the circular spaces 44 and 
52, respectively. 

As illustrated in FIG. 3A, in the state where air has 
entered the non-compressed space "a" of the compression 
chamber 54, as the rotating shaft 32 is rotated, the orbiter 41 
performs a clockwise orbiting movement with the aid of the 
rotation restrainer 61 retained by the second housing 51. 

As illustrated in FIG. 3B, when the orbiter 41 performs an 
orbiting movement of 90° with the aid of the rotating shaft 
while the circular vane 56 of the second housing 51 is fitted 
into the ring-shaped operating portion 43 of the orbiter 41, 
the non-compressed space "a" is defined by the ring-shaped 
operating portion 43 of the orbiter 41 and the circular vane 
56 of the second housing 51. 

As illustrated in FIG. 3C, when the orbiter 41 performs an 
orbiting movement of 180°, the compression chamber 54 is 
divided into the non-compressed "a", the compressed space 
"b" and the completely compressed space "c" and the 
compressed "b" of the compression chamber 54 is com- 
pressed more. 

As illustrated in FIG. 3D, when the orbiter 41 performs an 
orbiting movement of 270°, compressed air in the com- 
pletely compressed space "c" is discharged into the circular 
spaces 44 and 52 through the discharge hole 58 and is 
accumulated in the compressed air tank 31 through the 
discharge passage 59 and the open portion of the second 
housing 51. 

Although there is described a case where the ring gears 45 
and 53 formed in the circumferences of the circular spaces 
44 and 52 engage with the sun gears 62 and 63 of the rotation 
restrainer 61 as in the above embodiment, there may be 
another case where linear grooves formed in the circumfer- 
ences of the circular spaces engage with liner projections 
formed on the rotation restrainer or cross-shaped grooves 
formed on the rotation restrainer, thus allowing the orbiter 
41 to perform an orbiting movement without being rotated. 

INDUSTRIAL APPLICABILITY 

As described above, the present invention provides a 
small-sized compressor, in which air supplied from the 
outside through the air inlet of a second housing enters the 
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compression chamber of the second housing, an orbiter 
performs a stable orbiting movement in such a way that a 
space surrounded by a ring gear at its circumference is 
formed on the upper center portion of the orbiter, and a space 
surrounded by a ring gear at its circumference is formed on 5 
the upper center portion of the orbiter and sun gears of a 
rotation restrainer are engaged with the ring gears. 

Accordingly, air is compressed by the variation of the 
enclosed volume of a compression chamber because the 
ring-shaped operating portion is smaller than the compres- 10 
sion chamber in the interior of the second housing and larger 
than the circular vane connected to the second housing 
through a connecting portion, and air compressed in the 
compression chamber is moved to a circular space through 
a discharge hole formed on the right side of a circular vane 15 
of the second housing and is accumulated in a compressed 
air tank through a compressed air discharge hole and the 
open portion of the second housing. As a result, the small- 
sized compressor allows the orbiter to perform a stable 
orbiting movement, can generate highly compressed air in a 20 
relatively small space and can be miniaturized, so that it can 
be mounted on an air conditioner. 

We claim: 

1. A small-sized compressor, comprising: 
a compressed air tank (31); 

a first housing (35) provided with a shaft bore (36); 
a rotating shaft (32) disposed inside the compressed air 
tank (31) to be rotated by a motor, inserted into the 
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shaft bore (36) of the first housing (35), and provided 
at an upper end thereof with a cam shaft portion (33); 

an orbiter (41) provided at a lower portion thereof with a 
cam shaft hole (42) to engage with the cam shaft 
portion (33) of the rotating shaft (32) without friction, 
and adapted to form a ring-shaped operating portion 
(43) and a circular space (44) surrounded by a ring gear 
(45) thereabove; 

a second housing (51) attached to the first housing (35) in 
a general bolting manner, and adapted to form another 
circular space (52) of&et from the circular space (44) 
and surrounded by a ring gear (53); 

a rotating restrainer (61) provided with two sun gears (62, 
63), and disposed in the circular spaces (44, 52) so that 
the sun gears (62, 63) engage with the ring gears (45, 
53), respectively; and 

a circular vane (56) integrated with the second housing 
(51) through a connection portion (55) to form a 
ring-shaped compression chamber (54) together with 
the second housing (51), and disposed within the ring- 
shaped operating portion (43) of the orbiter (41), 
wherein the second housing (51) is provided there- 
through with an air supply hole (57) and the circular 
vane (56) is provided therethrough with an air outlet 
(58) to connect an interior of the compressed air tank 
(31) and an open portion of the second housing (51). 

***** 
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^^tit^^#41^^^^#-51^8i#Ak^4p^3gL#j^?f . 
30 ?*#^^#645f^##4*32^^'^4*33i?&^4 1 , * + #ri£'6l<^&4*i& 
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n m & ne/nn 



*h £-^*L(a outside air conditioner) t ° 

>>i ?f & it it t • ^ -?i 3 4 167 _l st ^ £ 1 * ^ ^ # f& ffl m 6 1 #j hi ^ s i m 

44#»52J*|, * + ^fi*4i1"^-JL34^^^#^32^'f I ^«P t . 4t*r4Ufi£»5& 
10 Bt#8q* N^it&4f ^}*7*|64*»65s4:ff"»*F . HE 

}%#64^^^t#^b32i#^D^^U2^D^_Li]533^ ffl , rf&fctfSif 
J^#65^^^Se.-^^ — *^35_L44^L36J^^^#4432^ffl . 

£ & Si -J- $ - <£ #35 _L # 4*-JL36 f*3 at fe>MB Hi T -f & UK £ K II 

15 31^^^f^#^^#^32-%^lit^^^41-^^:# J * t^i^iti£^^41^ 
*D^*fr^L42*h*«L-j9E.*t^*i32Ji^D^-L^|S^«ffl . 

M,iti£^#-41^xi#--#^r^^^jfei^^(a cam movement), ?p#i 
it « ^ #41 «f* # i*Mt43 ^ -fcte-f IH ^ £?s jit ^ 54-% OD ^ «+ M 56< fa] , ifij JL 
^#m-^'Jli61^t'^^ife62^63-%Ii^^ra]44^52^f*)''^^^^&45^534lI 

20 

41##i#^&£ — ^^5m^t^^#m.*JH61^#^at4Kfe'0^^^ . 

iE.*^§&.HJ-ffl3B + #ra* ft#*P#» i^iti£^^41^»-^#51-L^ia 

A^^'O^ig^at. #&3I£:JS] «a" &&iii£^#41 1 ^-I-^-?U3^3il — 
#5 1 _t #j El *i <+ >i 56i£ H rH . 

iE*»^W-H3C + ^rH4t4^«P#, £#i,iti£ia#415&;&7 180^^-61 <^ 

30 £s£j*i "c , jf3-T&&mML &54$tf)&mgm "b" 
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M « JS7/17M 



&&*h*s, ^,4r>a^$mi " C " f^&ms *iia i±# ^-jL58^#^^j m ^ s w 

#l31t . 

5 BQ^^P^i^^'*^* &45 4* 53 J& ^# m *J ft 61 ^ * & i&62**63 4a -* 

10 » S 4^ fff S 5A J.5D^ tli 7 aj3 $ - $ ^ it *j M 'h&B 

**L(^* ifc)^m**Ti^#101 J^i£#;&# ,#JMfc##j^& 
fc* 103/* £ % ij # ft 1 1 ^ £ J} *^&*ki£*f;fc# 4*102 

^S&^^ — *^105t^^-JLl06^ . &^m&&1fM . 
15 #«*Hl4fe*T«t***^r<fc«c?4&J|*4Lll2. &*4ft^fc*fc*L112«F 

*fc^T^4*102^'tt^4feife#*bl04» ^-^^^#ifel02^^#a^^#il| 

s 'j « m m * 1 1 1 -t , & ^ # # # 1 1 1 # t *b #j ji # ^ m & m * # ^ ft & 

113*»113a, ^JL^L^-i^t Jt$?*l&%mWgmil4. 2 fil 1 14<Kr 

20 ^-^#121^31 — *^1054a<&^, #J-JMTIIH&£|S|122, «H1*&2 

« 12241 <^i& ^ 4£4S#^ 1 1 1 + ^ OD W 2 J«l 1 144a i£ , -fr H! fi -t # f*j 

■&-^i&&123 o 

fc#lfc*|gl31#£-&-iS.II|*&&rail4*»l22* , #J-«*#m.*j»131 
^ t 'U&&132#» 133-5 2 K| 1144* 122 ±tfj ft i& & 1 154" 123 4a 
25 rM$.m.&%i&m02¥)&*&, — *#-l2l6$4***p*fc*r 

mm*f% 126^ie.^JH^^Lll3^113a+ , # JL£ $ — **M21 + Bl*& 
& £ 124 1 ii it # — * #l 121 _L # thj X# ^ 125 -H*i£4Ms. % - * #. 
121_b, ^^^jiii^^^-^^^^^i2l_L^eJX^^125^h#J_L^ji4^^L 
30 1274* 1273^X^2^^^^, 2^i£4g*^lll#i£^lll6(moving 
hole)fe*]4MMlll3a#&#g|B|, B0#«+>} 128_t<# E7X-^3M25 
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T& & & M8/17M 



&m -h## *UL128.*j# * . # JL*J m m n 128afcRr.rfiJg.il3 % . 

•&tt*£l29J*#*WLl28*8i£ia, #^130*J»«##«$129;fe3£ 
it, J^ftitii#^l28j*.^J^fit«4l29t^$^. «3Mt^l01+. 

*i j££ i#^Ll 13** 1 13a<H? ^ 4p *b ^ & ^ 1 18^ 1 19(contact 
5 projections)*^ *^"ii^Ll 17 , *f _S- £'K£ G3X-g|5 -frl34fc l35ty%A£. IS ^ «+ 
126# ^h^. ig Ji , VMH&MMm 1 1 -f $ — 10S#» $ ~ * #U21 + IMf -f-ft 

^ — g *fc*J ^3tfl&A^ii#'J^att*L» £ & 1 02^ ^ J5g 

10 *J£*h£-ft#L+. 

#6t^#4*1034^«^lll — * + /3fi£#*#-lll£4*'CMM**lll2 

*h«.fc^.^^4ftl026^D^ Ji-ipi04^^ffl o 

1 1 — # ^iMrfll .O^feiE^ , Pp* * 4$ i^Ll 13#p 1 13a 

PR$'J H 131 fi$ + -c*t&4fcl32*» 133-5 HI*Bg«114jM22-fc.# J*| * 4k 1 1 5 jfc 
123* 

^121_L^ii^Ll27ii^J'J T i]^^^Mtl24+^#^^2|a] « a » 1*3 , fc£ 
20 #^#*bl02^#^, 4£«#lll##J&^*#~*fM21#j|l#:fc#Jfc*J8 

1 3 1 #Uf"l# N- 4+41 <^&isis& . 

i£^^PTtffl5Bt^fa* **$*P#. 126*.fc&«#«#.lll 

t #:MMlll3rtiit» £#*#411#JI*i i ;fc#4*102&j&7 90;l#«'^tesS 

^B=t, 0r%.#&tfc£m "a" &###411 + fi$i#*Lll3JsII]^'+-tf 126#*b 
25 &iB*i4*flfc.Jt . 

mm&mmni^^mA^&m^m "a- , &m&m "t>» ^^^s 

i£*»^Wa5D + ^fffl*ib^flS#, i«#^lll^A7270^«^|feife 
30 ^Bm-ZH "c" *#&*&g^###Xf*#fi|je£l29+. 

it^«rS^#A3tltl30i^**>j9E.*^101rt . 
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93 45 H9/175T 



£it#Mf;JLT> * -f- H^JL-ftCl 13 t^i&^ll 17##£, <A74iS 

^ »T T4t*F t *&5t*fe,2!LA.£J IS JMfcX#*Ll 13 . 

WS6*»Wi-ffi7A£7D* * T#-^^^ B ^^^^-^^j^3t^^^'h^ 

5 

4**^^203##j&£;ife#4*2026$ t . t-$3U* 4*202 

4; &)^g^T^,£^£^201<Fi£fr&#> + 
'^203i^Jii&^*&;fr $sfcJ&**g204#*p-& . 

i£*Ml208^iw£. Ji# ^#-205^^^-206-%— &i&^(roller)207^>l » SI 
10 ftSifr »J8&#iti£*it?*3L208i$7.L3i.i5fr, ^-207^m ^ . 

>^#3^3tit209^i^^L_L#'fc^205 4' , it it21 IfyA&Hfe -5"210 + » # 
JL ft % 31212-M il£ _L #p <fe tih205 t. # «. 33 ?£ ft £ Ui£ ft 3L208 tit fa ft 
4f Jf at Jt21 1 Bt • *t 4 -t^P *#205.£ -J-210# _b« ii^ff M f$ > 

#J^ii#-?-210t #ft*L211i^TSiU&. £']#-?210-%/& ^-207*11 

15 #J-tt&±, *«.#'S^^Afc^, #J-iiit)*»&m-5L212#X$m-^S^ 
^201 * . 

ft*L213*gj&£&-f-207 + . ^£^}&-^207^#^210^lWi£f']-^j&^ 
*} it * & f§ 204¥]^&& ¥j m flt & it StUi & ^L213ifc#Sit^ . 4£i£ £J J* # 
2l0g.ik.&m6i)4?&±., :§M£#}& ^207^*1 . 
20 ft#3f itit215^/&^-- ^i^^^#^210_L 4*202 4 T#*#^214-^. 

W|. ft«Jf }^*t216*&/MLT*F*f£214+ . #JL»«&*^L217Hk 4 ^A^-»T 
*P*#214 + . ^^#it5'Jj*.^2074#-f-210ilim^^?f 7*^— #^iti± 
7*IUf**t216atfrSlLi*. #JL**&ft«lfft;jt216+» ifitft &H-H217 

#x*j£*&£*u320i#T***p + . 

25 ^^tr219^aa#l^^^218^^4., # JL<MMfc#-g faj220(an air supply 

space)*^ A^-*'W^F*#'218J?#-f-210<«I > SM^ititii^ a 219AUHpi£ 

& ^Ul222^ # -?-2 10.L # IS ^ >} 221 A ftj _L , £ £ 
fil 220 1 ^ £ ^ j|E # it it 5b ^ -51222 & i& X # ^2 1 0 ■% HI ^ «+ >} 22 1 J*) ¥} & 
30 + . *t^fi$ll^'+>t221ititlH7^«J5^223^#-^210^#A--'^o 

#-J-210-ti$H- ^221<Bfe#A^j^.^-207t^X>ft-JL224^ , *X^^L224 
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IK m W H10/17M 



fel- J^£.i&it&£sM 'E&fott $^=Miait3£^l222i£ ^i£*t& 

IS m © _L ^ i*3 * &r226 &} 5t n 225% * -5^207 T ^ + # 
5 -h* &fflffi&±-^%ft^&i%&22$tf£ffl227m&&fcftte202ft±.7r*£: 
# JL , # JL £j i£ H 204^ t t& &229^>230 1*1 & & ^226^228^B °& 
*t"f ##4*20241 3.t>t}i$L^-207m&Ut) 54 ^# . 
JH8 232*8 -5-2 10+ . # ^.11231 III #;gr#J-L, # 

JL A Ift 2 ^# lis 31234^ -&-&205 1 . «<0L£ JSJS^ + ^A^g^lSfe 

10 ^aftii#^231*i&A>£^$ 4 LJei233t, 4 ffi «232*J£ 
ahA S *L £ £ © & , # -UjSt & it S ft £ *l# * 31234* & & « S 201 
t . 

ti^f-WW^X 221iIitE7^#^223*— ^i£#^#^210-t> ffiMmW 
^221#J#i^;&#B££#^210#J=.#, «teB3r J k&;&#^'ftffiT££ 
15 • 

^*.4§»^*«fc-W^3tiJ!jA^'hSij£i6*L+ , fii###*&202&<fe:JMR 

it it #] *p -fc #218 -L ¥j it ^ cr 219U^h^ it g * *tt # f££ « #J 
20 ^#218-%#^210^Li«T^S i l'^-^^:ia]220t - 

£ *fr 2 1^ 220 1 6^ £ ^ it it i£ 1 a 222* iH ^ IS ^ «+ A 221 # -f- 
210^.f«l^a^^^t , * + ^fii^^o222^^#^-210JL^ISI^H-^221 

jE^&Wffl7A + /3fffl*A#*P#, &W3LT> ^S^i^tAJ'jT 
25 -ffittJfei + "a" 1*3, 8£ 4*202 &m%* J r*22\ 

i£ft&&^-207 + ®1$ -Lft3L224t\ a* . #^-210 Jl^A^#^202^.^-^# 
. ^iSit^it^^l!204^^^#J3E^^^/X-5 L 206^ ; ffi€Bt4i-^^^ r 

30 ^Jl#^L224J^Bt, ^#^210^M^-^#^i202^islN-#^#T90^N-, 0f 

"a" *#^210^^.-?-207^^^«^#m.^:, #J-£^iIit 
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w, w v mu/im 



& i Ul222#i£&:i&A. 

m m 7c + *r m * a <#*p# » * # -^210^ ^207% 7 1 80^ 

^S^#^^U23l4^Dt#^^E.^b^S 5 l#^^233t c jfc^, B^g^it 
i±&*£g^#jfc^234ifcfe|L&&#£*Ul201 1 , JMs. & # £ Rl "b" i*| 
*S£ A & £ *L# tfe #,23 1 #di3L JL*t ;* & £ *L . AJttfj#i j&#r###*S S f«3 

&i£#f§-/XT. #^210«#&202#:--^j|#> 4J-4^#&202 

4a^i^«!L4#4*202^JL^*-J-207»'Xit#— sH'^^^Jit^^. f*P& 
/&^207^ + -L^ A^" * DD « -H # * j*3 &r226^ $ l«J , & 

15 st ^ & if 2046$ * .0 * &229^230# /if i£ -*^*^226^228^B . 

S & 0 -^210-L^ ®] ^ «+ M 221 ^ £#] -L*g ^31222 , # J-ii it 
&T&m*t^)h22lift&m±.m «232tt#*l*l231 4* 
202i£N-*m#> '(S*«fc^f> k ^.^A»S ( *LiJ&-r, a^^^lO-h^ffl^ 
•t >H 22 1 ^ JtmA$t %1\>222 , # JLit ii^L i£ OQ ^ «+ 221 #J Ji^ il 

20 ^2326^#^^L231^^#^#4*202J>iBt4t^.#^f/ c ^.^B^^^ 

W ffl 8#* fit ffl 9A J.9D* ifc 7 B ^ * E9 £ 'J^ & - 

*& + «^304^jM^#4*303# + **|5*!» , * + ^fi£^#54303^# 
^*L302^ JSE T -T& m £ *L*S 301 J*3 St 4t=5fe$£ , if # at i« 

25 M +«i?-3L304i^ Ji?**J*** ^ it^^t H305^^^ . 

*t ^L308 % m. ±4f> 4b ^306 ¥j 4**307 .Sj 1$ A , «<ft 363 ?fr j* ii S&-$ 3t ?* 
3t308t% Ji>&i&#^^f']#^-309 + , ^£#^#^309«li&;sfc# . 

»#5f3tjt310^3i#^309^^^» #J^^it311^;Mti£4^309 
+ . ^^^^^^iai±#^309t^^#J^iSit310d*#^^N-. *J#-?210 
30 #]±®$P&4fMit , 4JLiiit^#^309t^y*^it311^T^. #i£f'J-& 
#-f-309^*-f-312^.r«l • 
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n m 4s mi2/im 



^^^#5fiiit313^^^^3a7^##J, #JL^>*^l«]314(an oiling 
space) #i ^. £ >;& ^ 3 1 2 $ ffl , «^ij|^*.-J-312^)«?f)*Sfe4*a3i*j*« 
3f5aiS313StXJiJ«>*$(S|314t . 

&>&aMl315*gjat£.**-J-309+, &«3^317#A.&T#*#.316+, # 
5 J.»*.*4*318J&*mf^L317*i|ii, «t-ftait*-T-312J»*fc*307«$iH*t 
tt> ^^ii^^312^#-^309^^?f-^, *atj*4fc*^L315it^fSlLi». #»& 
*£t*«*F3L317+, #JLiftistj**t|t-9-*318#XfJ>£i6^*LiB301+ . 

i&^cr 3 19^ si Jl4P&#306iQJ$A, #JJt^L320#jai&*b*307tf + 

10 320t o 

s4^*322^jS,** : f-312t^i^321*§*«Ji. #JLi£l?lM £323 
^ # ^309 ^ £p , ft sft *l 31320 + £ ^ life # it i£ it *l 31322* 3£ A 

•k & *p 325a#» 325b*i * ^3 12 X $} H 3- ft -J132 1 Mi A o *h . # JL C3 
15 A&#^^326a**326b#/8U£flD#*M324.h., « ft it it SI ^ ^t-fL321^>S 
t323^^ # $ -ft, * *f s \mf& m> ®H « — # 7T K $ 

*P&1"#A##^309J^i8^*f->* 3246$E)^ X4t^l321*#;|B*t*£*. 
6^^. @^^*^325a^325b^ffi7^ii#-#i5^326a^326b^i#^ = 

*BIfl^^-t^*f*3«*^&4fe328fi(rSlSl327^^ 1 ^*-J-312^T^rt* 
20 3P*t> *lB^*^if'*^ , *^*ft330^$f«l329^A^.*^*b303^Ji^r 
+ *^P*t. #i^st«*g3316(r t^*lfc332^333^ J^i&^-i64fe328^330 
*E<^, #ft*B ^^^#4*303^ £#fc-?-3121lfe#>5lij3fc#i?& . 

1^334^ ^#^210^11$ #*UL231^j&4£. HI 

#]jb, 4f3.&m -3-*336# ^316<K> MlZ&m 

25 *#&«£^!5fe#&i&A*MpJ&^£^#fi*Jg:fe335+ , i|jfc|SlH*&# 

^ «334*Bfrjh)ffi<ft£\£.£E&j*., # JL£,^£ ^USii;^ S *L# * -#-^336 

!Sj^x4t*l321 *#>£«g*li»«*j*-4£**& i &tf £ ^301 1. * 
+ ^fi&^^Mrsi3±**»E»Sfe#^ «338#&#£^#|fc.|L337*t##if . 
30 &**#W£*#J#ifeiJ&j&tt*fi&tf*i+, iti±-t^-fc306_t#i& 

^°319^^iSX^S^i|fe#*^iit##^^Ai i 4ft^307^t*^*h^ 
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1ft m ^ 3&13/17M 



i£^UL320t o 

i£ ^31320 1 # 2 ^ii ii^St ^-51322 ^[ili^B 1 323 t. *t #f i« 
*Ul322*2 iH-73 13 1 ^ m m XfMl32 1 #3 -L . 

5 S«tt << a M 1*3, fe* ^.#4*301 £ IS *i >i 324 

^ie.^^^312 1 ffl^i^^L321 *t > £4£A^^&202i&%;5$L#3E^ 

^ ^#^-309*°iii£ *J it^^^305^%^#S^^7 ^&^312^*Mf > , IN-4t 
i i*^ W ® 9B t ffl ^ * Ml *P# If ^ «+ 324£ fc£ * ^207 + ^ IS 
10 #iX^L32lJ*JBt, g^-?-309#«&^afe#4ft301*N-^^T90A»t» 
-3^309^ BI^-+>}324^*-J-312*«.#^«^r-J "b" 

m&jit&m&m "a- . ^^^s^&^^it*]** . 

15 309-h^®^'+M324, #f ^^^.^.X>ft-IL321Xa*t.^^&^325a-^4 IM 
^>4 324i^ej>wi^^^326aig.±*^fe. J^flfclMfrj&tfgfil "b" <K>^'bk . 

it w a 9c + a * 4 ^ «p# , =5 # -73093" * 7-3 12^# 7 iso;f 

8*, «b" #&fc#*i£4MF-T-#&* "a" 

20 4jtbJS]Bt, #-?-309i^BI^'+>l324#^-^IS^X^-?L321^Ao^hig. 

A^##^#'i±> * + tfa£IB#^324*tK>ik*^312*#BI*&Jl 
4^1321^ o 

JE*»^L Bt S 9D t #T S ^ A # *P# . S &-J-3 12^#^309^^l# 7 270& 
*N S^^fal «b» + -ft^#g^##,&l^i3iiit*Ji W334, i&iiM 
25 £^#*^334a#1^##&&#$^##]K£235«l', *fc£ , i&it&^tS 
^#*-*$336***&j&#£*Ui301 + . 

^Jfc?:tL7-312:&*f^'h^#3*> i^*-?-312+4&«#:Mt*l321 
309-t^lH^«+>i 324. ^«#A£llI^i#*L321,^oft#3fc**|S325a#4t- 
30 ^324i#lH7Ai£#-^326a£ ft "b" 
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u m ^ mu/nm 



sL-b &wa9A+#ra^ mn-^-ixi^^^^^^m 7360& 

5 338*^^»^*L#tf{^L337J&#tlj. «Jf j*— jfe**^^^ S ^1^301 

+ . i^^:E1^4.#^309^312^:#T90^.B^, HI i 4t -JL32 1 # 1*3 & ft 

£i&*Hf/XT> #^309J?;&#4*303— # JL ^-^^#4*303 — 

10 *^3126d + *^JL^iS.*!a«i^*i*3^^ife4fe328«Sr«l327» ^L«i& 
303^Ji^-tdfe*PJi^A*III«_h^^rt'*^-i&<fe330^$15|329. #JL^Jii 
H33 1 ^ t &332^333 4 #f ^ ^ '*^*4&328#«'330*S«*^ . 
ttffll0A*»10B**-f-*!*ffl. qiili7ftm«j|5£^^*jfc*A 

15 ^*L4L362^A-i4**^t**p+, #J.»B»Sl,*^ «366ajf«»367a** 

&^ti£ ^313663*367 f*3 , ^^aijii^^^i^^^a^^^i^^^JiL^B^ 
#^i£ i Ml362*#£^, ^^3t34St^^L366^367fl7^t^^i^/^-^ 
3634#-f-369^«^^«teS368+ . 

^ ife-gp^ A -t- S ^ i-ft-5L363^365 # >v tr ft . * t #ri£ II ^ -ifMl 

20 3633*365 + # ^ -?-369# *§fl4_L gj *£«+>| 3703*371 > # 

JL 1E7 Xi£#«p^ /ML 11)^^ 370^371 ^ft&aiH)^ JL<ffc.fL364 
^365«^ J £jftJS^368^fe^$^*J^$^ah^a«J,4Jfcl^N-tt3i#— iN* 
^riC*^#^S'ht. ?P ^ib ^364^365^11^'+^ 3703*371 -L<ft eg 

25 J^3723*373W&&#^369#lS$©_t > #<flL&#Jg$368 + #,& 

Sig^^#ib^L376^378^*J<f|f-*J^eJ^L^j4 )^3773*379> 
363 + ^ ^ ^11^-31^13643*365 J*l & £ *U&#it it & tft 2 tfe 
30 3763*378.*&#ifc, #JL^4f «£*143 + . 

mm 113*12* ife 7 ***ifc*J#*.*j*MH^ A#*t. • 
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n m 4$ mwim 



M * >^^L404^ &403 6$ t + > * 1 #fi£ &403 fe*L402 
¥}M 3r T-f" *.#L*#401 1 i£frsfc# . j*&3±-$J&;fc + ^U04^j_L 

^^^^•^itJK^E405^4p'iS.. 

i£ fli A % it Ha ^L406^p ^m^fe #400(a balance type seal) , 
5 400 + , m *fr*f 407 € £'] *f HB #408(a washer spring) > 3t4W409^O*2 *f 410 
^f^«I±#&#«|, a^jpqjf j*^— #^ai±4A*.Stj*^L406^#^^, #JL 
^^^#^^^#iC^*t400^#^if *^^i^iMf3LT- it 
#1*403 -¥-*6*k$!t# . 

»«SML412*H*»£r3413^^j^&#^-411'+ . «Ufc*3$fr ?*t#— • tp^ 
10 £#3ti£ft«*f^412i4A*Jftiiig 1^413 + , # JL ^-41 1*p 

^##-f-414^^Afc#^6 . 

M ^ # 93 ^ J* it it -t ^5 & #420 -t # i£ ft 3L4 1 5 1% _L SlL *t , it & 

^#-^411 J»*fl«KN iIi£#*b3Ul7*i£Ate1^H|5#^4l4 
15 $"W*frftl|3f3Ul8+. *«.#-»^#-J-414-f-***# . 4tJ&, fl^ft* 
ifti±#ft*l419# &_L#-fc#420> &&X4f>4bfr420X1&fo%& J f-^i$&n 
(cells)421 . 

ai±a^o423^h^Sfi|X^$*L*fcirat#«f^3fe*t« Jf^L424 + , * * 
-^s:^ J #3T^L424^4 i ^^^|5#-5-414^^#J - 
20 2 ^ #t if 3L424 t # £ ^ it i± i* ^ o 426* & ^ fc^ # ^4 1 1 

> * + ^fi£a4^0426^A4E.*h*P^-J-414±.^«t^425^#'W 

-to 

-S.*Ifl3^^*#JS(a multiple clamber)-$M# *L * 'i± N - . sft i± A & J£ ± 427 

25 i&**##*JL-fl*i*F#-J-411 *^H^l428f*} , #_Mt-*£ffl 

^^L428l*|#X^-^^#-^414-h^H->} 425 . 

*lS«i6Ji*^^^^*^432^g«431^A-jt^^^-?-411^Ti«^ 

+ **t> *4'^i£rt##^411^Ti&^*#Xf«JM3l4284> , liMfc*^,* 

# H 429 # ^ $ 'tt £4* * IS «P & *fr It £(apex seal)43 0*£*£,4£!S$,fi_L## 
30 . ^'*^^4&434^^l«l433^^.>iili403_L^^5^t*^i J #JMil>& £j i£J& 

£#H435i^#J_L^ *'^&%436^4374^i£rt^^l&te432#»43448'&-^, U 
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&mm. %427* ifi&m£K3&i£ft ##-J-411 + #i4^UU39a:&i&^_L 
#*#420+#+#gfl440*»HI#£«l439* . J% M J*J##^- 
411*$BI#*-L«&4M W438B*-jfcJ£tt£*UJt4iWflfc. J*J&, 0ri££ i L&xt# 

#L<fe#40H#_ti$#Jt . 

WBB 13* AT *-fc*^fe*l*aiJ6A«§'>«ia«*L. 
^#^*,*L(*.*lfc)^«^T^A«r$*Lifii501 1^^#^»— 
^511^^#^512. *£3tfi&£T*P * #502 JL«* *k*l503 + » *fcifc*feaMf A 
10 # • 

J^A513*A4t*— #**51lJi«&**^->»(i|tsp*)*h«. 4J>8$$ 
*#514#i|*Mt-iS.*&513#4fc*P Ji. *t*M£B#£**|i5144fri*4L*Ji 

*ML522#A**~#«&#S21—*i-L. # + &**Ml5226^4t«-t — 
1 5 A4T t * &r523 , £ 0f *6 * -#*fr#521 ft % — #] -t$r% i% tik*f$ (fc* 

&3pS14JLi# j*| ^515** 4*^L522±^ t ^t&&523^#] 

if ^ it ft i* H 53 1 *h £ A -h ^ t # 4fc532*» * ft #] & _L ^ <& ^ & 4fc533*l 
iS^MT. ^i4ft^H531^^A^.#^#^-#^#511^^.#J3S^ 
20 —#^#521 _t> #J-4iMf £~#i&#521^i«# . 

- J- .fc -*p * #-504 # *fe *505 + £# *t # & m £ ^# tfc -31506 . 
* $ -# ^#5 1 1 % — # ^ #52 1.L «+ J* A m ¥j £ & £ 

501 + , ^jfc«»t»— #^^521 + ^4*^L522«.fc-i*b*.505^«BI, #J.a4 

25 *«#*#-507*»*--#*#511i^^jt513l , R.^.iJ&A^S s *L#*»t 
516^^^B^#^it3t#J#*^507-L^i^^cr508JgL^#ili^^S^ s *t 
/3f & #J *P * #507*4 it m&(&& & )* JL -f - -fc-*P * #504 J» T# * #502^. 
fl, ii^S^iti±^-#^#511i^^^o517^f^, WE^tt 
518+&*J,£#. & + £T£>&^M£518 + *;££~#^#511;fc3^#i6# 

30 521_L#i«<t;4 o 

3£^l519^A-&sfc#4*512# + *sp + , j*^itit^^>*-lL 
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519ft XtiLfb, #^.#:^^T^P^:^502+^^-?L503^ . *^#^#^512^ 
it & ii if 520^ g-#^5ll<HfJ^, J-X^^ilU'J aft ft :JL5 19 #j 

T *F ft ^L524^i % — # ^ ^52 1 1 , ft # ft #509** _t *p ft 31525 

B53l#}$P&i£4f t&*#i£#*P$P#*})3if i&i±T^Pft^l 
10 524 > ft 4* if ft#509^J^ft^l525i£*f>/iU&> # J-iiit#ft3l5lO$fc#X£] 
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